DiacrimiDation of apeech IOUDda from three computer-pnerated continua that ranged from volced to voiceleessyllables (/be.paI, Ida·taI, andIp·bI) was tested with three macaques. The stimuli on .ch continuum varied in voice-onset time (VOT). Pain of stimuli that were equally different in VOT were chosen such that they were either withln-eategory pairs (syllables given the same phonetic label by human Hsteners) or between-eategory pairs (syllables given dif· ferent phonetic labels by human Hsteners). Results demonstrated that discrimination performance was always best for between-eategory pain of stimuli, thus repHcating the "phoneme boundary effect" seen in adultHatenen and in human infantsas youngas 1 month of age. The flndinp are discussed in terms of their specific impact on accounts of voicing perception in human Hsteners andinterms of theirimpactondiscussions of the evolution of language.
Studies of human infants as young as 1 month of age have demonstrated that their discrimination of sounds from a continuum ranging from one phonetic unit to another (e.g., from /ba/ to /pa/) is typically enhanced the region of the adult-defined ''boundary'' between categories and is relatively poor within categories (Eimas, 1974a; Eimas, 1975; Eimas, Siqueland, Jusczyk, & Vigorito, 1971) . This differential discriminability is conducive to the phonetic categorization of speech sounds and has been interpreted as supporting the idea that innate factors play an important role in the development of speech perception (Eimas, 1974b; Eimas & Tartter, 1979; Jusczyk, 1981; Kuhl, 1979a; Morse, 1974) .
Although a number of authors agree that the infant's abilities are probably innately determined, the precise nature and origins of the infant's predispositions are not known. It has been suggested that these effects reflect the operation of a mechanism specifically designed to detect the acoustic properties of speech sounds (Eimas, 1974b) . The possibility has also been raised, however, that these specific "phoneme-boundary effects" might This research was supported by a grant to P. K. Kuhl from the National Science Foundation (BNS 8022492). We wish to thank K. L. Morgan-Landan and M. Kulick for assistance in running animals during the training phase of the experiment. We gratefully acknowledge J. M. Miller, Department of .Otolaryngology, for donating space for the conduct of these experiments, the cooperation of the Haskins Laboratories (NIH Contract NIH-71-2420) in providing the synthetic stimuli, and the Regional Primate Research Center (NIH Grant RR 00166) for the use of core facilities and the help of core staff throughout the conduct of this research. The authors thank A. N. Meltzoff for critical comments on an earlier version of this manuscript. The authors are affiliated with the Department of Speech and Hearing Sciences and the Regional Primate Research Center, University of Washington, Seattle, Washington 98195. be attributable to the infant's more general auditory perceptual abilities (Kuhl, 1978 (Kuhl, , 1979b .
Experiments examining the nature and origins of these effects have centered on tests of their speciflcityto speech as opposed to nonspeech (Miller,Wier,Pastore, Kelly, & Dooling, 1976; Pisoni, 1977) , and to humans as opposed to animals (Kuhl, 1981; Kuhl & Miller, 1975; Morse & Snowdon, 1975; Sinnott, Beecher, Moody, & Stebbins, 1976; Waters & Wilson, J976) . A particular advantage of comparative experiments is that if animals demonstrate the phoneme-boundary effect, one can argue convincingly that the effect does not necessitate speech-specific mechanisms. This in turn reduces our need, in the absence of other data, to argue that such mechanisms exist. Moreover, animal data contribute to discussions examining the potential role of auditory constraints in the evolution of language. Demonstrations of the phoneme-boundary effect in nonhuman species raise the possibility that the phonetic inventory reflects certain psychoacoustic constraints (Kuhl, 1979b; Kuhl & Miller, 1975; Stevens, 1972) .
There are five published experiments that compare the perception of speech sounds by human and animal listeners. Three of the five studies (Kuhl & Miller, 1975 , 1978 Sinnott et al., 1976; Waters& Wilson, 1976) were aimed at determining whether the location of a perceptual boundary for animal listeners coincided with the location of the phonetic boundary in human listeners. These studies did not directly assess discriminability along the continuum, but provided support for the notion that certain nonhuman species perceptually partition speech continua in the phonetic boundary region as defined by human listeners (see Kuhl, 1979b , for a review).
For example, Kuhl and Miller (1975) obtained Identification functions for humans and chinchillasusing three stimulus sets, a bilabial (/ba/ to fpa/), an alveolar (fdal to Ita!), and a velar (fgal to Ikaf) continuum. The stimuli on each continuum varied in voice-onset time (VOT), the time in milliseconds between the release of the articulatory constriction and the onset of laryngeal voicing.The animal subjects were trained in a conditionedavoidance paradigm. They learned to respond differentially to good synthetic exemplars of Idal (0 msec VOT) and Ital (+80 msec VOT), taken from the alveolar continuum. When performance on these endpoint stimuli was consistently above 95% correct, the stimuli between 0 VOT and +80 VOT (in lO-msec steps) were presented as generalization stimuli. The results demonstrated that the perceptual boundary for animal and human subjects did not differ significantly. In addition, studies using the other two stimulus sets showed that the exact location of the perceptual boundary depended upon the place of articulation (bilabial, alveolar, or velar) of the voiced-voiceless pair, just as it does for human listeners (Kuhl & Miller, 1978) .
Two studies directly addressed discriminability of stimulus pairs from speech-sound continua with animals. Morse and Snowdon (1975) used a heart rate procedure to examine rhesus monkeys' discrimination of stimuli from a synthetic Ibae-dae-gael continuum. The procedure involved 20 presentations of one stimulus followed by 20 presentations of a second stimulus. Heart rate typically habituates to the first stimulus and dishabituates when the stimulus is changed. The results demonstrated that the rhesus monkeys discriminated both the within-category and between-category pairs. Both groups demonstrated significantly more dishabituation than did the control group, which was presented with a single stimulus repeated 40 times. However, the degree of dishabituation was significantly greater for those animals presented with betweencategory comparisons-that is, with stimuli falling on opposite sides of the human boundary-than for those subjects presented with within-category pairs, thus suggesting that the phoneme boundary effect may exist in animals.
The second experiment (Kuhl, 1981 ) assessed differential discriminability along a speech continuum ranging from Idal to Ital in the chinchilla using procedures typically associated with acuity studies in psychophysics. This study provided a direct estimate of the just noticeable difference in VOT (~VOT) that could be detected by the animal at various VOTs along the continuum. The rationale for such an experiment derived from the argument that sensitivity to a stimulus change should be maximum at the location of the phonetic boundary and minimum near the center of the stimulus category. The results of the study showed that the smallest~VOT values, indicating greatest sensitivity, occurred at the VOT values nearest the phonetic boundary, whereas~VOT was maximum at points most distant from the boundary region.
The present experiment was designed to extend these discrimination data to different voiced-voiceless continua (bilabial, alveolar, and velar series). The testing technique was one that has been used in experiments on adult listeners (e.g., Wood, 1976), a same-different discrimination technique.
METHOD

Subjects
Three (two male, one female) juvenile Japanese monkeys (Macaca fuscatat served as subjects. They were between 1 and 3 years of age at the onset of training. Each of the animals was housed in an individual cage at the University of Washington's Regional Primate Research Center. They had access to water in their home cages at all times and were fed once daily at the completion of the experimental session.
Stimuli
The voiced and voiceless stop consonants were computer synthesized at the Haskin's Laboratories (New Haven, Connecticut) on the parallel resonance synthesizer according to the parameter specifications described by Abramson and Lisker (1970) for bilabial (fba-pa/), alveolar (fda-taj), and velar (fga-ka/) contrasts.
Naturally produced voiced and voiceless stop consonants are distinguished by the timing of the onset of laryngeal vibration (voicing) relative to the release of the constriction in the supralaryngeal musculature. In voiced stops (/ba/, /da/, /gaj), the onset of voicing precedes the release of the articulatory constriction by some to 5 to 40 rnsec, whereas in voiceless stops, the release of the articulatory constriction precedes the onset of voicing by more than 2540 msec. The precise difference in the timing of these two articulatory events depends upon the place of articulation of the stop consonant (Lisker & Abramson, 1964) .
There are a number of acoustic features that differentiate synthetically generated voiced and voiceless syllables;the timing difference described above is evidenced in the relative onsets of periodicity (voicing) and the burst of energy that occurs when the articulatory constriction is released. Other acoustic factors, such as the presence or absence of low-frequency energy in the first formant at the onset of voicing (Liberman, Delattre, & Cooper, 1958; Lisker, 1975; Stevens & Klatt, 1974; Summerfield & Haggard, 1977) , the presence or absence of aspiration noise, and the aperiodic signal that results when air rushes through the open glottis (Fisher-Jorgenson, 1954) , as well as its intensity (Repp, 1979) , are also known to be important acoustic cues for the perception of the voicing feature.
In the synthetically generated stimuli created by Abramson and Lisker (1970) and used in this as well as in many other speech experiments reported in the literature, these cues covary. While the stimuli are said to vary in VOT, a name that empha-: sizes the timing cue, the additional acoustic factors just mentioned also vary in the stimuli.
Abramson and Lisker's (1970) data showed that when adult listeners are asked to label synthetic stimuli that vary in VOT along a continuum ranging from voiced to voiceless stimuli, the locations of the phonetic boundaries (the 50% point on the identification function) are at approximately +22 msec VOT for the bilabial stimuli, +35 rnsec VOT for the alveolar stimuli, and +42 msec VOT for the velar stimuli. Using standard identification procedures, we verified that adults tested in our situation produced similar results.
In this study, three pairs of stimuli were tested from each continuum, two within-category pairs (one voiced and one voiceless) and one between-category pair. Each stimulus pair differed by 20 msec VOT. The between-category pair was chosen such that it straddled the phonetic boundary on each continuum, and the two within-category pairs were chosen to be immediately adjacent on both sides. Tablel lists the nine pairs tested. These values were chosen to coincide with those used by investigators in infant studies (Eilers, Gavin, & Wilson, 1979 ; et al., 1971; Lasky, Syrdal-Lasky, & Klein, 1975; Streeter, 1976) . Spectrograms of stimuli from these three series have been published (Kuhl & Miller, 1978) along with more complete acoustic analyses of the signals. Each syllable was 434 msec in duration and had a fundamental frequency that was constant at 114 Hz until the last 100 msec, during which the fundamental fell to 70 Hz.
Apparatus
The experiment was conducted in a double-walled, soundproof lAC booth. During testing, the animals were restrained in primate chairs. Audio signals were delivered by a two-channel tape deck (TEAC, Model A-2300S) through a single earphone (TDH-49 with MX-41/AR cushion) to the animal's right ear. A response key was located directly in front of the chair, and a green light was mounted at eye level 1 ft in front of the animal. A red light was adjacent to the green light. An automatic feeder under computer control delivered 2 cc of applesauce through a rubber tube located near the animal's mouth. A small laboratory computer (Raytheon 706) controlled the delivery of sound and all of the appropriate contingencies during the experiment. A programmable attenuator (Grason-Stadler, Mode11284) was used to adjust the intensity levels of the signals during the training phase of the experiment.: After training, all stimuli were presented at a constant level (65 dB SPL). Information concerning each trial was printed on an electronic data terminal (Texas Instruments, Model 700).
Procedure
A positive-reinforcement procedure was employed. The animal initiated trials by depressing the response key when the green light was blinking. As soon as the animal depressed the key, the light stopped blinking and was on steadily. If the animal held the key for the duration of a variable foreperiod (VFP), which ranged from .01 to 1.2 sec, a trial was presented. If the animal released the key before the end of the VFP, a time-out period (TO) occurred, during which the green light was turned off and the red light was turned on for 7 sec and keypressing responses failed to initiate trials. Animals were tested for 1 h each day.
Two kinds of trials, same (S) and different (D), were run with equal probability. During S trials, four identical stimuli were presented at l-sec intervals measured onset to onset (e.g., AAAA). During D trials, the first two stimuli were identical to the stimuli presented during S trials, but the last two stimuli were different (e.g., AABB).I In order to be reinforced, the animal was required to continue to depress the key for the full duration of the S trials (1.7 sec timed from the onset of the third stimulus), producing a "correct rejection," and to release the key during the 1.7-sec trial interval (also timed from the third stimulus) on D trials, producing a "hit" response. If the animal incorrectly released the key during the 1.7-sec trial interval on an S trial and thus produced a "false-positive" response or failed to release the key during the 1.7-sec trial interval on a D trial and thus produced a "miss" response, no food reinforcement was delivered and a 7-sec TO period occurred. A TO period also occurred if the animal released the response key during the presentation of the first two stimuli on either S or D trials (an "early-release" response). At the completion of each trial the green light was turned off and kept off until the animal released the key for .5 sec; after this time interval, the light again began to blink, indicating to the animal that a trial could be initiated.
Trial Structure
The nine stimulus pairs were presented in a randomizedblock design using repeated measures. The animals were tested on each stimulus pair in random order for a 1.5-min period (approximately 20 trials when the animal was working steadily); during that time, S trials (AA pairs) and D trials (AB pairs) for that stimulus pair occurred with equal probability. Each 1.5-min trial block was separated by a 5-sec pause. In a typical 50-min session, each stimulus pair was tested three times to provide approximately 60 trials per day per stimulus pair.
Preliminary Training
The basic procedures used to train the animals were similar to those described by Sinnott et al. (1976) . Briefly, the animal was placed in a primate chair each day and trained, using standard shaping procedures, to press and release the response key for food reinforcement. 'fhe animal was gradually trained to depress the key until a sound (the eventual B stimulus) was presented and then to release the key for reinforcement. The interval prior to the presentation of the B stimulus (VFP) was slowly lengthened, but continued to be varied from trial to trial to prevent the animal from timing his release response rather than listening for the stimulus. When the VFP was approximately 3 sec in duration and the animal consistently held the key down until the stimulus had been presented and released the key as soon as the sound had been presented, a second stimulus (the A stimulus), attenuated by 50 dB, was introduced prior to the B stimulus. The animal continued to be reinforced for releasing the bar when B was presented and was given a TO period for releasing to A, as the intensity of A was systematically increased until it equaled the intensity of B. After the animal had succeeded at this stage in training, S trials (AAAA) and D trials (AABB) were run with equal probability and with all the contingencies previously described in effect.
The last step remaining in the pretraining period was the block-to-block variation in the stimulus pair being tested. The stimulus pair used during training consisted of a vowel contrast (fal vs. Iii), and the stimulus pairs used to adapt the animal to the randomized-block design consisted of additional vowel contrasts (fal vs, 10/), pairs of identical vowels differing in pitch contour (rise vs, fall), and syllable pairs differing in the initial consonant (fsal vs. IIa/; Ivai vs. lsa/). When performance on these training stimuli was consistently above 80% correct, discrimination testing began. The training period ranged from 3 to 9 months for individual animals.
RESULTS
The discrimination data for each animal were organized in separate 2 X 2 stimulus-response matrices like Table 2 . As indicated, the conditional probability of a "hit" is the probability of responding "different," that is, of releasing the response key, when the members of the stimulus pair were different [P(D/D)]. Similarly, the conditional probability of a "false-positive" is the probability of responding "different" when the members of the stimulus pair were actually the same [P(D/S)]. Conditional probabilities for "miss" responses [P(S/D)] and "correct-rejection" responses [P(S/S)] are simply 1 -P(D/D) and 1 -P(D/S), respectively. The matrices for each animal were based on approximately 120 trials (six blocks) for each stimulus pair. Only data from the first two sessions for each animal were used so we could assess performance in the absence of training; studies on adults have shown that protracted training with feedback can produce ceiling effects that obscure potential peaks in discriminability (e .g., Carney, Widen, & Viemeister, 1977) .
A number of analyses were conducted using these stimulus-response matrices. The simplest was a percentcorrect measure, calculated by adding the probabilities of hits and correct rejections, dividing by two, and multiplying by 100. Thus, a score of 50% correct represents chance. This measure takes into account the animals' responses on both S and D trials. The mean percentcorrect scores are plotted in Figure 1 .
As Figure 1 shows, the animals performed better, for all three test series, on the between-category pair than on either of the two within-category pairs. This group trend was shown for each of the three individual animals. In no instance did an animal perform better on the within-category contrasts than on the between-category contrast for a given test series. A three-way ANOVA Examination of the percent-correct scores also revealed that performance on the within-category pairs tended to differ, with performance on the withinvoiceless pair exceeding performance on the withinvoiced pair for the bilabial and alveolar contrasts. However, this effect was shown to be due to a change in reo sponse bias rather than to a true difference in discrirninability for within-category pairs. Recall that the animals were trained to discriminate S (AAAA) trials from D (AABB) trials and that the higher VOT value in a given pair served as the B stimulus.! Because of this, all animals tended to release the key more frequently in response to pairs containing a stimulus with a higher VOT value, even on an S trial. This could be seen in a variety of results: first, the animals tended to produce a greater number of "hit" responses to pairs of stimuli with high VOT values, but also greater numbers of "false-positive" responses. Second, animals tended to produce greater numbers of "early-release" responses (releasing before the end of the first two stimulus presentations and therefore before the actual start of the trial) when the A stimulus had a higher VOT value.
To separate potential effects of response bias from those associated with true changes in discriminability, two sets of discriminability/response-bias measures were calculated using the data from the 2 X 2 stimulusresponse matrices. The two measures of discriminability were the d' parameter of signal-detection theory (Green & Swets, 1966) , which assumes normal distributions and equal variance, and -In 1], a distribution-free index of discriminability described by Luce (1963) . The two measures of response bias were the {3 of signal-detection theory (Green & Swets, 1966) 
The discriminability index -In 17 is described by the formula -In 17 =~In[P(D/D)P(S/S)/p(S/D)p(D/S)].
Its value is zero at chance and increaseswith the accuracy of performance. Figure 2 plots -In 17 as a function of the stimulus pair. For each place of articulation, the -In 17 index is greater for the between-category pair than it is for either of the within-category pairs, indicating greater sensitivity. The d' analysis revealed an identical pattern of results. This increase in discriminability for between-category pairs is similar to that shown by Wood (1976) , who tested human listeners on pairs of stimuli differing by 20 msec on a bilabial VOT continuum and reported his data in terms of the -In 17 index of discriminability. Wood's data showed comparable within-category discriminability, but slightly greater between-category discriminability, when compared with the data obtained here.
The response-bias parameter Inb is described by the formula
Inb =~ln [P(S/S)P(S/D)/p(D/S)P(D/D)].
When there is no response bias, Inb is equal to zero; it becomes increasingly positive with increasing bias toward S responses (holding the key) and increasingly negative with increasing bias toward D responses (releasing the key). The Inb index for each stimulus pair is provided in Figure 3 . The measure of response bias (fj) of signal-detection theory produced a pattern of similar results. The data indicate that the animals demonstrated a general tendency toward S responses, regard. less of the pair being tested. While "hit" and "correctrejection" responses were equally reinforced, this ten· dency toward holding the key was probably due to the fact that only three of the nine pairs were easily discriminable, plus the fact that half of all trials presented were S trials, which required a holding response. The density of reinforcement, therefore, was actually greater for holding responses than for lifting responses. This would tend to cause animals to refrain from lifting the response key unless they were quite sure that the members of the stimulus pair were different.
In addition to the overall tendency toward "same" responses, the animals demonstrated a systematic change in response bias with increasing VOT. Since lifting the key was associated with reinforcement more frequently in the presence of signals with higher VOT values, animals tended to release the key more frequently when the stimulus pair contained a stimulus with a higher VOT value. Recall, however, that only for the betweencategory pairs was this tendency associated with greater discriminability. The improved discriminability for within-voiceless pairs seen in the percent-correct measure can therefore be attributed to response bias rather than to a true increase in discriminability. In contrast, the peak in discriminability for pairs straddling the boundary represents a true increase in discriminability.
These response-bias data can be compared with those obtained on human listeners by Wood (1976) , who also used the Inb index. He found a significant shift toward "same" responses for within-category contrasts and a significant shift toward "different" responses for Figure 2 . Average data for a distribution-free index of discriminability (-In TI) for the nine stimulus pairs. Higher numbers indicate greater sensitivity (see text for additional details).
..-.. between-category contrasts. We obtained a similar shift in response bias from "same" responses to "different" responses when comparing the voiced within-category pairs with the between-category pairs (Figure 3 ), but not for the voiceless within-category pairs. We attribute this difference to our specific trial structure.'
DISCUSSION
In the present study, we trained monkeys to respond on a same-different task and then tested them with pairs of stimuli from a physical continuum that ranged perceptually from voiced to voiceless sounds. The pairs of stimuli were chosen such that they were separated by an equal physical difference in VOT on each of the three continua tested and such that some were perceived to be phonetically identical by adult human listeners while others were perceived to be phonetically different. Measures of discriminability demonstrated that monkeys discriminated sounds that were phonetically different (i.e., straddled the phonetic boundary) significantly better than they discriminated sounds that were phonetically identical (i.e., fell on one side of the boundary). This was true for all three speech continua studied.
The fact that animal listeners demonstrate relatively good discriminability at the boundaries between phonetic categories and relatively poor discriminability within categories, just as human adults and infants do, demonstrates that the phoneme-boundary effect is not exclusive to human listeners. The data raise two important theoretical issues: (1) the relevance of animal data to the interpretation of human data, both adult and infant, and (2) the role played by auditory constraints in the evolution of language.
Regarding the first issue, the relevance of animal data to interpretations of human adult and infant data, we argue that systematic comparisons among adult, infant, and animal studies will aid in developing strong theories concerning the nature and origins of the mechanisms underlying phonetic perception. Comparisons between human adults and infants demonstrate the degree to which the infant demonstrates an initial capacity to partition an acoustic continuum in a phonetically appropriate way. Comparisons between humans and animals suggest the degree to which effects should be attributed to general auditory perceptual mechanisms rather than to mechanisms evolved specifically for processing speech information. The issue of whether phonetic perception involves mechanisms that are speech-specific will not be resolved with a single comparison. And, given that the initial comparisons between humans and animals have revealed many striking similarities (Kuhl, 1981; Kuhl & Miller, 1975 , 1978 Morse & Snowdon, 1975; Waters & Wilson, 1976) , as well as some differences (Sinnott et al., 1976) , the answer to the speech-specificity issue will not be a simple yes or no. Rather, it will be a determination of the level at which special mechanisms must be invoked to account for the data.
The comparisons of interest form. a hierarchy. To date we have examined whether animals tested in labeling tasks perceptually partition speech continua at the phonetic boundaries and whether any peaks in discriminability are consistent with the loca-tions of phonetic boundaries. The results of these studies on the voiced-voiceless distinction confirmed the existence of appropriate boundaries for the chinchilla (Kuhl & Miller, 1978) and the monkey (Waters & Wilson, 1976) , and showed that chinchillas demonstrate differential discriminability for stimuli along a Ida-tal continuum, with best performance shown at the location of the phonetic boundary (Kuhl, 1981) . The present data extend the fmding of differential discriminability to all three voiced-voiceless continua in a nonhuman primate.
Given that these initial comparisons show similarities between the human and animal data, then comparative tests involving more complex examples provided by the adult literature can be made. In particular, future studies should examine the role of particular acoustic cues for voicing that have been shown to affect the location of the phonetic boundary in adults. An example is the determination of the effect of the first-formant transition on the boundary location in macaques, since studies have shown that the boundary systematically shifts as the frequency of the first formant is lowered in adult listeners (Lisker, 1975; Summerfield& Haggard, 1977) . Recently, experiments have been undertaken with infants that address the potential interaction between these two kinds of acoustic cues (first-formant duration and VOT) for voicing perception (Miller& Eimas, Note 1). The results suggested that the infant's discrimination of speech sounds was influenced by both acoustic cues, as it is for adults. It will now be important to determine if animals show similareffects.
The continued comparison of adult, infant, and animal data usingthe same stimuli and comparable methods should eventually identify the precise examples for which mechanisms specific to speech must be invoked to account for the data, and the extent to which those mechanisms are functional at birth. Adult experiments that isolate the role of individual acoustic cues and specify the extent to which they govern the boundary locations, alone or in combination, will be helpful. Until the set of rules for combining the cues for voicing perception are determined and the experiments that are defmitive tests for the use of those rules are identified, the most powerful comparative and developmental experiments carmot be run.
As defmitive examplesare tested, we willknow exactly how far we can push the argument that the adult and animal data are comparable. It is possible that a full account will suggest that animals use simpler rules for perceptually grouping stimuli, separating them on the basis of an acoustic principle such as, for the voicing contrast, the relative timing of two acoustic events, whereas human listeners employ a more complex set of rules. More complex rules might involve taking into account the .values of other acoustic cues. It is also possible, however, that effects as complex as the recently observed "trading relations" (Best et al., 1981) derive from general rules about the perceptual grouping of auditory stimuli, and are inherent in the functional characteristics of the auditory system. Pushed to its limits, this latter account holds that speech sounds form "natural classes." This notion, which has been developed by Rosch (1973) for certain visual categories, has also been modified for application to speech (see Kuhl, in press, and Stevens, 1981 , for discussion).
The second major point of this discussion, the role played by auditory constraints in the evolution of language, is intrinsically tied to the first. That is, our understanding of the role of auditory constraints in the evolution of language will depend upon what eventually turns out to be common, and what divergent, in human and animal. If the data eventually show that animalsuse simpler rules in forming auditory categories for speech, sounds while humans use a more intricate contextdependent set of rules, then we would conclude that the constraints imposed by the auditory system provided a set of broad guidelines that served to initially structure the acoustics of language but did not solely determine them. These constraints could have taken the form of a set of natural psychophysical boundaries (Kuhl & Miller, 1975) whose inherent characteristics included poor discriminability among stimuli falling on one side of such boundaries but good discriminability for stimuli straddling them. Given that these natural psychophysical boundaries were determined by the mammalian auditory system, it would have been natural for the acoustics of language to reflect these constraints (Kuhl, 1979b; Stevens, 1981) . But even if one admits to the existence of natural psychophysical boundaries and their role in the evolution of speechsound categories, the question of how complete an explanation this provides for the perception of speechsound categories in humans still remains. Since speech categories are represented by diverse acoustic events, a complete account based solely on auditory constraints would require one to argue that not only boundaries, but also category centers, are determined by the functional characteristics of the auditory system (see Kuhl, in press, Kuhl & Padden, 1983, and Stevens, 1981, for discussion) .
In summary, we have shown that animals display the tendency to partition continua in ways that are conducive to the phonetic discrimination of voiced and voiceless stimuli. This was shown in an identification task using stimuli from a voiced-voiceless continuum; the animals behaved as though they perceived an abrupt change in the quality of the stimulus at precisely the point at which many languages separate the categories (Kuhl & Miller, 1975 , 1978 Waters & Wilson, 1976) . Also, animals demonstrate poor discriminability for withincategory acoustic variants and good discriminability for between-category acoustic variants. This was seen in previous studies (e.g., Kuhl, 1981) and in this experiment. Further studies will be required to determine exactly 'how far the analogy extends. Their outcomes have important implications for models of speech processing and for understanding the evolution of language. RD'EIlENCE NOTE 
